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PART NAME i PART RUMRER

VENDOR NAME VERDOR WUMBER .
LRU : THRUSTER, PRIMARY 1 MC4&7-D024
SRY : THRUSTER CHAMBER 235148

. SR H . THRUSTER CHAMBER - - 235150
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EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:. . -
THRUST CHAMBER, FROM THRUSTER VALVE MOUNTING PLATE TO xorzLe EXTENSIGH
(COATED COLUMBIUM) .

QUANTITY OF LIKE ITEMS: 14 I i
ONE PER THRUSTER - S - C

FUNCTION: '
TO CONTAIN HYPERGOLIC REACTION OF PROPELLANTS AND DIRECT COMBUSTION )
PRODUCTS THROUGH RO2ZLE & EXTENSION. TO PROVIDE IMPULSE TO VEMICLE. THE -

- CHAMBER IS CONSTRUCTED OF €-103 COLUMBIUM WITH R-512 A 0XIDATION.

RESISTANT COATING AND UTILIZES FILM COOLING. THE CHAMBER PRESSURE IS 152
FS1 RHD. [S BESIGNED TO PRODUCE A THRUST OF 870 LBS VACUUM AT A NOMIKAL
STEADY "STATE SPECIFI{ IMPULSE OF 280 SECONDS, - {ROTE - IN3JECTOR .
PERFCRMANCE DEGRADATION DELETED-FMEA RO. 221311-1 - AND INCLUDED IN THIS

(FMEA AS A FAILURE CAUSE PER MASA OIRECTION).
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SHUTTLE CRITIEAL ITEMS LIST - DRBITER HUHEER. E3~2F-121312-ﬂ1

T REVISIONE - 2 12/12/89 |
SUBSYSTEN: FORWERD REACTION CONTROL SYSTEM (RCS)

LAY $THRUSTER, PRIMARY : ) . _CRITICA.ITY OF THIS
ITEM NAME; THRUSTER CHAMBER =~ - ...« " FATLURE MODE:1/1
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FAILURE MODE: : :
HOT EAS LEAKAGE, BURN THROUGH 3,

MISSION PHASE:

LD LIET-OFF
0o OX-DREIT
0. - DE~OREIT

-YEHICLE/PAYLOAD/XIT EFFECTIVITY: 102  COLUMBIA.

: 103 DISCOVERY
: 104 ATLANTIS

CAUSE: -

THERMAL CYCLING/STRESS FATIGUE, INJECTOR FRACTURE, VIB, GAS IHEES:IDH
COMBUSTION IWMSTABILITY, SHOCK, BLOCKED INJ QRIFICES, HIGH TEHPERATUREI—
LOCAEIZER HOT SPETSIIHABEQUATE COOLING, VALVE LEAKAGE, NOZZILE
RESTRICT[ON, SEAL LEAXAGE, PRESSURE TRAHSDUEER TUBE FRAETURE

CRITICALETY 171 DURING INTACT ABORT OKLY? KO

B = p———

REDUNDANCY SCREEN A) /A - - -

B} N/A.
C) K/A-

E)
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= FAILURE EFFECTS -
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(A} SUBSYSTEM: )

LOSS OF REDUNDANCY-POSS LOSS OF 3 THRJSTEFS Ir MANIFOLD ISQL VALYE HUST
8E CLOSER, POSSIBLE PRESSURIZED LIKE OR TANK RUPTURE DUE 7O HOT GAS
IMPINGEMENT. LEAKAGE OF HOT GAS IN TO AFT COMPARTMENT.

(B} INTERFACING SUBSYSTEN(S):

IHCEERSED GNLC AND USE OF ALTERNATE THRUSTERS. POSSIBLE DAMAGE TO T#s.
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POSSIBLE DAMAGE SO PCD DUE T0 OVERPRESSURIZATION.
C) MISSION: . ' '

MISSION HDDIFIEATIDH}ABGRT DECISION TF FAILURE CAUSES DAMAGE
PROPAGATION,

(0) CREW, VEHICLE, AND ELEMENT{S):

POSSIBLE LOSS OF CREW/VEHICLE. BURN THROUGH MAY CAUSE HIGH TEMP DAMAGE
70_SURRDUNDING STRUCTURE AMD ADJACENT THRUSTERS RESULTING IN POSSIBLE
ENTRY HAZARD IF TPS IS DAMAGED, OVERPRESSURIZATION OF POD MAY DCCUR.

{E) FUNCTIONAL CRITICALETY EFFECTS:

-------- i-.—-——-'—-'l--llll-l-il---l-d-————--—-----.----.--u__._.....--._—.--_.-.-_---.-—.-.----—---.-.-.

_- BISPOSITION RATIONALE -

(A} DESIEM: :
THE THRUSTER INSTABILITY PROTECTION SYSTEM WILL SHUT DOWN THRUSTER DUE
TO BURN THROUGH RESULTING FROM INSTASILITY. INTERMETALLIC DIFFﬂ?IﬂN. --
LRAYER FORMS AN INTEGRAL BOND BETWEEW THE DISILICIDE CORTING AND THE
- PARENT COLUMBIUM MATERIAL AND TENDS TO RESISY SH?EK LORDING, :

- - A 75 MICRON FILTER IN THE VALVE INLET UPSTREAM OF INJECTOR HOLES WILL
- PRECLUDE ENTRY OF CONTAMINANTS. ACOUSTIC CAVITIES DAMPEN THE
FREQUENCIES THAT EXCITE INSTABILITY. STRUCTURAL MARGINS {2.0 TQ 4.0)
T - MIRIMIZE FAILURE -EFFECT(s). . .- -

THE ENGINE IS DESIGNED TO WITHSTAND GAS INGESTION. BOUNDARY- LAYER
~ COOLANT ROLES ARE LOCATED AT PERIMETER OF THE [MJECTOR FACE. FUEL IS
SPRAYED ONTO THE COMBUSTION CHAMBER WALLS TO COOL THE SURFACE. :

THRUSTER USAGE IS TRACKED BY THE LIMITED LIFE SPECIFICATION. REGUNDANT
SEALS FOR VALVE MQUNTIKG.

w (B) TEST: i ' - -
THE QUAL TEST PROGRAM INCLHDED STABILITY TEST (PURGE AND PRIME AND . -.
BOMB), ROUGH HANDLIWG, VISRATION é!# Hlﬂfhxlsg; NOZZLE THERMAL

- TRANSIENT,FORMARD AND REVERSE INTERKAL LEAKAGE, EXTERKAL LEAKASE,
ABNORMAL OPERATION, BUBBLE INGESTION, ELECTROMAGNETIC INTERFERENCE,
IGRITION OVERPRESSURE, BURST PRESSURE, SAFETY MARGIN, LIGHTNING, HEATER

.. QUT IGNITION, 20TS, MISSTON DUTY CYCLES, ACCELERATED LIFE DUTY CYCLE,
~ AND PROPELLANT COMPATIBILITY. S S . :

THE -UNITS ALSO-QUALIFIED AS PART OF THE HOT FIRE TEST PROGRAM AT WSTF
(28 EQUIVALENT MISSION BUTY CYCLES AKD APPROX 7 YEARS OF PROPELLANT
EXPOSURE) AND THE VIBRO-ACOUSTIC TEST AT JSC (131 EQUEIVALENT MISSIONS}).
QUAL TESTIRG FOR CERTIFICATION OF THE THRUSTER INSTABILITY PROTECTION
SYSTEM WIRE WRAP WILL BE CONDUCTED.

2 oF -114



-

- LS Goet -

PAGE: - 4 ) S .. - PRINT DATE: 12/13}8s
SHUTTCE CRITICAL ITEMS LIST - ORBITER  NUNBER: 03-2F-121312-01

" ACCEPTANCE TESTING INCLUDES PRODF PRESSURE (INLET VALVE - 1500 PSIG,

IHJECTOR 525 PSIG, THRUST CHAMBER 525 PSIG, WDZFLE 150 PSIG, FC
TRANSOUCER 3008 PSIG,. THRUSTER ASSY 525 PSIG), INTERMAL LEAKAGE,

. THRUSTER PERFORMANWCE, INSULATIGON RESISTANCE, PULL-IN VOLTAGE,

CONTINUITY/RESISTANCE,. €XTERNAL LEAKAGE, FLOW CALIBRATION, CLEANLIKESS,
YALVE TIMING/RESPORSE OF THZ YALYES AND RIELECTRIC STRENGTH.-

CMRSD PERFORMS THE FOLLOWING: A THRUSTER VISUAL AND BORESCOPE
INSPECTION ON SECOND FLIGHT AND EVERY FLIGHT THEREAFTER., A PROPELLANT
TANK ACQUISITION EVALUATION BY X-RRY EVERY S FLIGHTS AKD AS A
CONTINGENCY WHEN THE POD IS REMOVED AND THE PROPELLART XDT DRAINED FROM

" THE TANKS. THRUST CHAMBER LEAKAGE TESTS AFTER THE STH AND EVERY 5T
- MISS5ION THEREAFTER, THE FROPELLANT TANX ACQUISITION WERIFICATION EVERY

TEN FLIGHTS OH LEAD TANKS AND DN_A COKTINGENCY BASIS. TME THRUSTER
INSPECTION AFTER USIKG PRESSURE PLUGS ON A CONTIKGENCY BASiS. :
PROPELLANT LOADIRG EVERY FLIGNT. CONTROL OF COATING SURFACE

- PROTECTION. THRUSTER INSPECTION THE SECOUND FLIGHT AND THEREAFTER USING

A FLASHLIGHT ANQ MIRROR. THRUSTER INSPECTION ON & FIFTH FLIGHT [NTERVAL
USING A BORESCOFE, _

- {CY INSPECTION:

RECEIVING INSPEETIOM
RECORDS AND TEST REFORTS ARE MATRTAINED CERTIFYING HATERIAL AND
PHYSLCAL PROPERTIES (RAW HATERIAL ANNEALING) .

HSSEHBLY!IHSTltLATIDH - T
FINAL INSPECTION OF ALL DIMENSTOKS 1S VERIFIED, --

'HEHDEETRUETI?E EVALUATION

FUSED DISILICIDE COATINE THICKNESS IS VERIFIED BY EDDT CURRENT.  WELDY
ARE RADIDGRAPHIL INSPECTED PER MP3-909 AND ARE ALSO ETTHER MAGBNEVIC

- PARTICLE OR PERETRANT INSPECTED.

CRITICAL PROCESSES

WELDING PER MPS 180 CLA OR WPS 1610 (LA EHD AFPLIEATIDH OF DISILICIDE
COATING 15 VERIFIED BY INSPECTION. . TEST SPECIMENS OF THE COATING ARE
INSPEETED AND TESTED PER MPS- U545.REQU1REHEHT5. THE COATED ASSEMBLILS

.. ARE ALSD HEATED T0 2500 DEG F TO VERIFY COATING INTEGRITY. THE SURFACE

I5 THEN IRSPECTED WITH A BORESCOPE AND A VIDEC-TAPE RECORD IS WADE OF
THE COATING CONDITION.

TESTING ]
ATP 1§ WITKESSED AND ?ERIFIEE BY INSPECTION. WATER FLOW TESTS, PER
IRTERNAL TEST PROCEDURE, VERIFIES 8Y INSPECTION MD OCCLUDED PASSAGES.
;g?T5;é$§HG NITH HEAT SENSORS YERIFY BY INSPECTION THAT THERE ARE NO
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{D] FATL!'RE HISTDRT' '

~LAR'S ADO159 XSC, AD1606 ATP, AD170S ATP, AND ADD1ES: '
CORTIHG DAMAGE WAS REPDRTED ON THREE THRUSTERS. INSTALLATION AND
REMOVAL OF THE RCS THROAT #LUG CAUSED DAMAGE, CORRECTIVE ACTYION - TO
PRECLUDE DAMAGE WHEN IHSTALLING THE THROAT PLUGS, -THE OMRSD LIMITS THE
PRESSURE APPLIED FOR TESTING. THE TRRUSTERS ARE INSPECTED WITH
BORESCOPE AFTER EACH USE OF THROAT PLUG AND AFTER £VERY FLIGHT FOR
COATING DAMAGE.

CHE THRUSTER WITH MINDR {OATING DAMAGE WAS FIRED TO DETERMINE [F THE
ENGINE COULD GO ONE MISSION WITH THIS {OATING DAMAGE. NO DEGRADATION
- OF COATING WAS DBSER?ED IH THE AREA OF DAMAGE. -

CAR AC53BE:

£0 -INSTABILITIES MAVE OCCURRED ON 7 PROD AND 1 QUAL THRUSTERS DURING
TESTING AT THE SUPPLIER'S FACILITY. INSTABILITIES LASTING LONGER THAN
2 SECONDS MAY RESULT IN BURN THROUGH OF THE COMBUSTION CHAMBER KEAR THE
INJECTOR FACE,

_. CORRECTIVE ACTION = A PRIMARY THRUSTER INSTABILITY FRETEETIDH SYSTEM
HAS BEEN INSTALLEQ PRIOR TO THE FIRST POST S1L FLIGHT ON ALL PRIMARY-
THRUSTERS. A POWER CADLE FOR CHGINE VALVES HAS BEEN WRAPPED hRQUHﬂ THE
CHAMBER AND BURN THROUGH WILL REMOVE POWER TJ BOTH VALVES.

CAR A[dﬁEd' B

“ERACKS IN TME STRESS RELIEF GRODVE AREA OF THE AEDUSTIE CAHITIES AND - -

THRUSTER SUFPORT WAVE BEEN OBSERVED, _ CORRECTIVE ACTION - HYDROFLUORIE
- _TACID-CLEANING PROCESS WAS ELIMINATED (REF EQCP-0178). THE ATP BAKEOUT -

T0 REMOVE RESIDUAL PRDCESSING FLUIDS IS CONSIDERED SUFFICIEHT 10 .

FREVEHT HETAL ATTACK AND SUBSEQUERT LRACKS.- - -

LAR AD3Z272: B

FOLLOWING FDUR SECONDS OF UHST#BLE OFERATION THE FC TRAHSDUEER PRESSURE

INDICATION DROPPED FROM 210 PSIA TD 30 PSIA IN APPROXIMATELY 7 SECOMDS.

THE PC TRANSDUCER THLET TUBE WAS DBSERVED TD BE FRACTURED ABOVE THE

INJECTOR/TUBE WELD JOINT. THE FACTS AND CONCLUSIONS FROM THIS ANALYSIS

WERE PRESENTED TO TSR ON-APRIL 26, 1988 AND AT.CCE DN MAY 10, 1988, AND

WERE USED- TD JUSTIFY THE CONTINUED USE OF THESE THRUSTERS WITH

PQTENTIAL PL TUBE BREAKAGE DURING THRUSTER INSTABILITY.

(E)} OPERATIONAL HSE: : _— L.
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RELTABILITY ENGIHEERING:

DESIGN ENGINEERING

NASA RELTABILITY
NASA SUBSYSTEM MAMAGER
RASA QUALITY ASSURANCE
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